Since 1957, it has been proposed that the dissemination of inhalational anthrax required spores to be transported from the lumena of the lungs into the lymphatic system. In 2002, this idea was expanded to state that alveolar macrophages act as a "Trojan horse" capable of transporting spores across the lung epithelium into draining mediastinal lymph nodes. Since then, the Trojan horse model of dissemination has become the most widely cited model of inhalational infection as well as the focus of the majority of studies aiming to understand events initiating inhalational anthrax infections. However, recent observations derived from animal models of Bacillus anthracis infection are inconsistent with aspects of the Trojan horse model and imply that bacterial dissemination patterns during inhalational infection may be more similar to the cutaneous and gastrointestinal forms than previously thought. In light of these studies, it is of significant importance to reassess the mechanisms of inhalational anthrax dissemination, since it is this form of anthrax that is most lethal and of greatest concern when B. anthracis is weaponized. Here we propose a new "jailbreak" model of B. anthracis dissemination which applies to the dissemination of all common manifestations of the disease anthrax. The proposed model impacts the field by deemphasizing the role of host cells as conduits for dissemination and increasing the role of phagocytes as central players in innate defenses, while moving the focus toward interactions between B. anthracis and lymphoid and epithelial tissues.
B
acillus anthracis is a Gram-positive, spore-forming bacterium that is the causative agent of the disease anthrax (45) . Most commonly associated with grazing livestock and game, anthrax is a zoonotic disease for humans who associate with them, such as herders and wool processors (76) . Classically, anthrax can be contracted through several routes of exposure: by inhalation, cutaneously, and gastrointestinally (1, 41, 58) . In addition, it should be noted that, recently, a new form of anthrax was recognized and deemed "injection anthrax," because of its association with the injection of B. anthracis-contaminated illicit drugs, such as heroin (60) . Cutaneous anthrax is the most common form of infection in humans, accounting for 95% of all cases (76) . The cutaneous form has the lowest mortality rate, at 1% with antibiotic treatment and 20% without. Inhalational anthrax has the highest mortality rate, at 45% with antibiotic treatment and greater than 97% without (8) . Gastrointestinal anthrax has roughly the same mortality rate as the inhalational form of infection but likely goes underreported due to difficulties in diagnosis and its prevalence in developing countries (5) .
B. anthracis has multiple virulence factors. The most important of these are exotoxins and capsule, which are encoded on two different virulence plasmids, pXO1 and pXO2, respectively (42) . The tripartite AB exotoxin consists of a receptor-binding translocase subunit, protective antigen (PA), and two enzymatic subunits, lethal factor (LF) and edema factor (EF). When PA is bound to LF or EF, the complex becomes lethal toxin (LT) or edema toxin (ET), respectively, but it should be noted that oligomerized PA has been modeled to bind multiple subunits at the same time, and thus a single exotoxin complex may contain PA, LF, and EF at the same time (44) . LF is a metalloprotease that cleaves most mitogenactivated protein kinase kinases (MAPKKs), or MEKs, when delivered to the cytosol by PA (2, 20, 29, 57) . As implied by its name, LT can cause the death of cells and experimental animals (57) . EF is a calmodulin-activated adenylate cyclase that converts ATP to cyclic AMP (cAMP) and induces edema in host tissues when introduced into the cytosol by PA (4, 46) . B. anthracis capsule's biosynthetic machinery is encoded on pXO2 and is responsible for producing a capsule that consists of a gamma-linked polyglutamic acid that is covalently bound to the cell wall (9, 61) . Capsule serves to protect B. anthracis from phagocytosis and complement deposition (50, 51, 67) .
While the vegetative form of the bacterium can cause infection in the laboratory (72) , the spore is the infectious particle in nature, presumably because of a spore's ability to persist in the environment as a viable entity for decades (53) . For this reason, the spore can itself be considered vital in causing infection. Spores are metabolically inactive and resistant to environmental stresses, such as extreme heat, cold, and radiation. These properties also make spores resistant to killing by the host immune system. Spores are generally 1 to 2 m in length and are composed of a core, a thick peptidoglycan layer called the cortex, a proteinaceous coat, and an exosporium, which is a loose-fitting sac-like structure on the exterior of the spore (10, 27) . The size of aerosol particles in which spores are carried plays a large role in how effectively an inhalational infection can be established. Particles greater than 12 m containing spores are much less infective in guinea pigs and rhesus monkeys than spores less than 5 m (19) .
Most of what is known about initiation of anthrax has been derived from animal models of infection. While caveats are inherent when animal infections are compared with human infections, animals are the only ethical means of studying anthrax in a complete host system (31) . While nonhuman primates are arguably the best model of anthrax infection, their use is often cost prohibitory and there are relatively few molecular, genetic, and immunological tools with which to study the infection. On the other hand, there is a greater diversity of genetic tools and reagents available for mice and, to a lesser degree, for rabbits and guinea pigs. These tools permit a more precise analysis of the dissemination of bacteria within the host, the host response, and the disease. Many, but not all, of the key characteristics of anthrax are recapitulated in mouse models of infection (31) . Information gleaned from studies using genetic tools in mice improves the design and implementation of infection studies performed in nonhuman primates and other less experimentally tractable animals.
The manner by which B. anthracis initiates infection has been a focus of research by a number of laboratories. In 2002, GuidiRontani coined the name "Trojan horse" for her proposed model of dissemination based on long-accumulating data (34) , with particular emphasis on the data of Joan Ross (62) . This model is described in greater detail below. The Trojan horse model has become the most widely cited model for inhalation anthrax. Of late, however, data derived from animal models of infection have necessitated a reassessment of the Trojan horse concept. In this review, we will describe the observations that gave birth to the Trojan horse model, review recent research which modifies the Trojan horse model as proposed in 2002, and review research which questions the necessity for a Trojan horse to cause infection. Lastly, a new model will be outlined that describes the establishment and dissemination of B. anthracis infections.
DISSEMINATION FACTORS
B. anthracis is nonmotile; thus, dissemination beyond the initial site of contact necessitates the involvement of the host by one means or another (71, 76) . The means by which virulence factors produced by B. anthracis influence host function are essential for understanding dissemination. Exotoxins play a significant role in dissemination and have been shown to influence many aspects of host function. Unencapsulated pXO2-deficient B. anthracis with the genes for LT and ET knocked out are incapable of progressing beyond the draining lymph node during inhalational and subcutaneous infection in A/J mice (49) . This may reflect the exotoxins' ability to break down epithelial and endothelial cell barriers and cause hemorrhaging in animal models (22, 57, 74) . The ability to affect endothelial barrier function can be seen even with low exotoxin concentrations (100 ng ET and 1 g LT) in vitro, where ET and LT alter the transendothelial electrical resistance of endothelial cell monolayers (69, 74) . Likewise, capsule plays an important role in dissemination. It has been shown that encapsulated B. anthracis is able to disseminate from initial sites of infection to blood more quickly than its unencapsulated counterparts, although the mechanism behind this phenomenon is currently ill defined (1, 20, 30) .
B. anthracis produces, in addition to the major virulence factors, at least four separate proteases that promote host tissue degradation to break down barriers to bacterial dissemination (59) . These proteases break down gelatin, casein, fibronectin, laminin, and collagen. Supernatants of B. anthracis containing these proteases administered to mice led to hemorrhaging or death within 2 to 3 days when introduced intratracheally (11, 59) . Thus, known and unidentified factors beyond the classical major virulence determinants should not be overlooked when considering how B. anthracis mediates its growth and dissemination through a host.
DISSEMINATION
While the mortality rates of the four types of B. anthracis infection differ, the majority of reported lethal anthrax cases in animals and humans exhibit bacteremia and toxemia at the time of death independently of the route of spore entry. Autopsies reveal B. anthracis lesions containing vegetative bacteria associated with edema and hemorrhaging throughout the body (1, 24, 26, 30) . While studying how B. anthracis travels through the host, Lincoln et al. reported that B. anthracis arrived in the mediastinal lymph nodes after aerosol challenge in Rhesus monkeys and also arrived in the thoracic duct after intradermal infection (47) . This was the first direct evidence to suggest that B. anthracis first spreads via the lymphatics before entering the bloodstream in a manner that is not dependent on the original route of exposure, although previous experiments had implied this to be the case. These observations were later supported with bioluminescent imaging (BLI) studies utilizing light-producing bacteria to infect BALB/c and A/J mice. These studies demonstrated that after infection initiated, bacteria were next detected in the regional draining lymph nodes before their appearance in the bloodstream in subjects with subcutaneous, gastrointestinal, and inhalational anthrax (21, 28, 30, 49) . While it is generally accepted that before infection can spread hematogenously, B. anthracis must escape the lymphatic system, disagreement remains regarding whether the lymphatic system is where spores germinate to initiate vegetative outgrowth, as elaborated below.
BIRTH OF THE TROJAN HORSE MODEL
The Trojan horse model of infection posits that during inhalational anthrax, spores do not germinate in the lungs and must be transported by alveolar macrophages past the lung epithelial barrier to lymph nodes in order to germinate and initiate the production of virulence factors (34) . This idea has its roots in very early B. anthracis research. Initial research on inhalational anthrax involved infecting small and large animals; however, in all cases, very few vegetative bacteria were found in the lumena of the lungs at any stage of infection (62, 78) . These early observations have been supported by many others since (1, 8, 12, 16, 25, 39) . This observation suggested that the lumen of a lung itself is, for the most part, refractory to germination of spores. The concept that spores need to traverse from the lumena of the lungs into deeper tissue in order to germinate and cause disseminated disease resulted from these observations. A mechanism for the movement of spores out of the lumena of the lung was proposed in 1957 by Joan Ross, who observed a macrophage containing a phagocytosed spore in transit to the draining tracheal bronchial lymph node (62). Lincoln et al.'s 1965 study built upon Ross's observations by determining that B. anthracis infection in Rhesus monkeys progressed from the lungs lymphatically and not hematogenously (47) . Later research determined that phagocytosed spores were capable of germinating and escaping from phagocytes (18, 35, 65) . A germination operon (gerX) was found to be linked with the germination of B. anthracis within macrophages (36) . These observations led to Guidi-Rontani's 2002 opinion article focusing on B. anthracis dissemination, in which alveolar macrophages were named the Trojan horse cells that gave rise to disseminated disease by transporting spores from the lumena of the lungs to the mediastinal lymph nodes (34) . This model also proposed that differences in lethality between animal species, and perhaps different types of infection, could be ex-plained by the presence or absence of germinants within macrophages from different species.
Another important aspect of the Trojan horse model revolves around the endotoxins' effects on macrophages and whether exotoxins prevent the destruction of B. anthracis. Exotoxins have been reported to modulate the oxidative burst in both macrophages and neutrophils (17, 37) . The idea that exotoxins target the innate immune system is supported by research using transgenic mice whose CMG2 cellular toxin receptor was selectively eliminated from cells of myeloid lineage, which led to the complete protection of the mice from subcutaneous and intravenous infection (48) . Likewise, exotoxins have been shown to modify multiple behaviors of innate immune cells, including chemotaxis, cytokine secretion, and activation (2, 52, 70) .
Because the Trojan horse model had been hinted at since the 1950s and is currently the only well-defined model of inhalational B. anthracis dissemination, since 2002 the Trojan horse model has been the most widely cited model of inhalational B. anthracis infection. Over time, this model has been incrementally modified after it was demonstrated in mice that lung dendritic cells are capable of phagocytosing spores and transporting them into the lymphatic system more effectively than alveolar macrophages (7, 12) .
REDEFINING THE TROJAN HORSE
Because the Trojan horse model is the best-defined model of dissemination, a significant body of research has focused on refining its mechanistic details. These studies have brought to light data which suggest that a reassessment of a number of the Trojan horse model's central tenets, as they were originally defined, is needed. It was shown in vitro that epithelial cells and fibroblasts can engulf and transcytose spores and vegetative bacilli through cell monolayers without disrupting barrier integrity (63, 64, 72) . These data raised questions as to whether phagocytes are the sole cell type that can act as Trojan horses and thus whether phagocytes are an absolute necessity for spores to transit from the lumena of the lungs. However, transport through nonprofessional phagocytes occurs less frequently than spore uptake by phagocytes, and the ability of spores to cross epithelial barriers has been difficult to demonstrate definitively with in vivo models.
Two studies performed by Cote et al. demonstrated that rates of the inhalational lethality of B. anthracis infections increase with the depletion of alveolar macrophages, and thus spores do not require alveolar macrophages to bypass epithelial barriers (15, 16) . However, it must be noted that in these studies chlodronate liposome was used as the means to deplete macrophages, which may either incompletely eliminate the targeted resident macrophages or deplete other cell types (68) . Relatedly, Wu et al. found that human alveolar macrophages are more resistant to intoxication than murine macrophages and do not express significant amounts of anthrax toxin receptors (77) . The facts that human alveolar macrophages are less susceptible to B. anthracis exotoxins than those in mice and that their presence increases survival in inhalational infections suggest that alveolar macrophages may be better than other phagocytes at clearing B. anthracis infection from the lungs (77) . These results imply that it would be advantageous for spores to avoid phagocytosis, because interactions with alveolar macrophages would often lead to the death of the bacteria (40, 43) . This may explain why, at autopsy of both humans and animals, few spores and vegetative bacteria are found within the alveolar spaces (3, 12, 16, 33) . Depletion of other innate immune cells implicated to be Trojan horses has demonstrated that monocytes, macrophages, and neutrophils on the whole protect against B. anthracis rather than act to promote infection, in contrast to what might have been predicted by the Trojan horse model (16, 48) .
Together, the above observations reveal that spores are not solely dependent on phagocytes for transport from the lumena of the lungs beyond the epithelial barrier. However, these observations also do not necessarily detract from the aspect of the Trojan horse that implies that spores that have trafficked to the draining lymph nodes are the founding population of disseminated disease. The idea that B. anthracis may use multiple mechanisms to transverse epithelial barriers to arrive at a draining lymph node should not be discounted. Many other pathogens, including pathogenic bacteria such as salmonellae, shigellae, and Listeria monocytogenes, utilize multiple distinct methods for crossing epithelial barriers (13) . It should also be noted that even if a majority of spores or vegetative bacteria are cleared at the initial site of infection, the trafficking of a subset of spores to the lymph nodes may cause infection according to the Trojan horse model. In light of these observations, the Trojan horse model should be expanded to take into account all possible mechanisms of spore trafficking to draining lymph nodes. In summary, the Trojan horse model can be simplified to state that spores trafficking to the regional draining lymph node through an intermediate intracellular step leads to disseminated disease, as demonstrated in Fig. 1 .
REEVALUATING THE NECESSITY OF A TROJAN HORSE CELL
While study of the Trojan horse mechanism of dissemination has led to a much greater understanding of how spores and the immune system interact in the lungs, there has been no direct evidence demonstrating whether or not spores in the draining mediastinal lymph nodes are the population of bacteria that give rise to disseminated anthrax. Establishing the location of the founding population of bacteria was particularly technologically challenging until the recent development of BLI technologies, which have led to significant advances in understanding where infections initiate and how dissemination of infection progresses temporally and spatially. These technologies rely on light-producing bacteria that can be tracked within an intact host using highly sensitive cameras. The major advantages of these methods are that subject animals do not need to be euthanized for every time point and that data can be collected noninvasively in a dynamic fashion. Studies using a B. anthracis construct that expresses luminescence under a germination promoter demonstrated that spores can germinate in the lungs of mice (28, 66) . These results were at odds with the original Trojan horse model, which states that spores do not germinate in the lungs. However, germination in the lungs was observed only in animals that received a large bolus of spores intranasally, and therefore, this may not represent the typical inhalational infection. Furthermore, multiple studies utilizing B. anthracis bacteria that produce light only during vegetative growth indicated that throughout early infection, when bacteria are growing in the upper airways, all bacteria in the mediastinal lymph nodes remain dormant spores (30, 49) .
The relationship between spore germination and pathogenesis is complex (14) . Spore germination alone does not necessarily mean the establishment of infection and can leave B. anthracis susceptible to destruction, as demonstrated by Hu et al. (40) . Additionally, BLI studies raised concern about traditional experi-mental infection techniques. Glomski et al. in 2007 suggested that mucosal epithelial breaches caused by experimental techniques are prone to infection (30) . The propensity for traumatized epithelial barriers to be the initiation site of infection is consistent with studies on cutaneous infection, in which breaks in the skin are more readily infected in mouse models of cutaneous infection (6) . It is also important to note that Ross observed spores within a macrophage in transit to a regional lymph node after intratracheal intubation, which she noted to frequently cause breaks in the airway mucosa, and she did not observe spore transport to the lymph after noninvasive aerosol challenge (62) .
In addition, BLI technologies have revealed that during intranasal and aerosol spore challenges, the predominant site of initiation of infection in mice is in the nasally associated lymphoid tissue (NALT) and not in the mediastinal lymph nodes (28, 30, 49) . However, spore-containing aerosol size many influence this observation, as it has been demonstrated that large particle sizes tend to accumulate in the upper respiratory tract in primates (38) . As such, this scenario likely reflects what would be predicted to occur with most natural infections and with poorly executed bioweapon delivery because of the propensity of spores to clump. At a time when luminescence signals from an unencapsulated B. anthracis Sterne strain or a nontoxigenic capsulated strain with a luciferase cassette under the control of the protective antigen promoter indicated that vegetative bacteria multiply and produce exotoxin in the NALT, only ungerminated spores were found both in the lungs and in the mediastinal lymph nodes of mice (28, 30, 49) . These data were later supported by research using a bioluminescent, fully virulent clinical isolate (21) . This suggests that in mouse infections, spores in the lungs and mediastinal lymph nodes may be ancillary to the more robust infection in the NALT at early time points. These mouse studies are supported by Lincoln et al.'s monkey data (47) , which demonstrated that after inoculation, infection next spread into the lymphatic system and then progressed into the bloodstream, leading to death. However, a key difference between these two models was that in the mice, bacterial growth initiated in the NALT and then progressed to the cervical lymph node rather than the mediastinal lymph node, as was suggested by the Trojan horse model. This does not rule out the possibility that Trojan horse cells deliver spores from the NALT to the cervical lymph node but instead implies that bacteria are delivered into an unexpected anatomical location-the cervical lymph node rather than the mediastinal lymph node.
REFORMING THE TROJAN HORSE MODEL IN LIGHT OF NEW DATA
In both the gastrointestinal and subcutaneous forms of murine anthrax, vegetative bacilli grow at the initial sites of spore entry either in the intestines (Peyer's patches) or nasally associated lymphoid tissues/oropharynx and then spread to the lymphatic system before escaping into the blood (5). In the cutaneous form of anthrax, spores have been found to rapidly germinate at the site of initial spore contact in the dermis of the host (6, 30) . The question becomes, if B. anthracis does not require macrophages to act as Trojan horses for dissemination in the case of gastrointestinal, cutaneous, or subcutaneous infections, why would a Trojan horse be required solely for the inhalational form?
New animal models of inhalational anthrax seem to disagree with some aspects of the earlier observations of disease dissemination; however, it is possible to reinterpret previous findings in a (2) or are phagocytosed by a host phagocyte (3) . In the original model, this phagocyte was predicted to be an alveolar macrophage but can likely also be a dendritic cell. Spores then cross the epithelium by transcytosis through the epithelial cell or within the phagocyte (4). Spores then traffic to a mediastinal lymph node (5) . Once in the lymph node, spores germinate into vegetative bacteria, grow, and produce exotoxins and capsule, eventually resulting in the loss of the structural integrity of the lymph node (6) . Bacteria escape the lymph node and enter the bloodstream, leading to bacteremia and host death (7). new context. Since early inhalational anthrax exhibits some clinical manifestations similar to those of pneumonia, the disease had been referred to as "anthrax pneumonia" as early as 1882 (32) . However, there is typically little evidence of significant bacterial growth within the alveolar space, as is characteristic of classical pneumonia. Today it remains difficult to diagnose inhalational anthrax; many of the 2001 victims of the mailing of anthrax spores in the United States were initially diagnosed with bronchitis or pneumonia (55) . Thus, it is not surprising that early research focused on the lungs and trachea. Once patients display symptoms of inhalational anthrax, unfortunately, the infection has generally progressed to a point where even effective bactericidal antibiotic treatment can save only 55% of the infected individuals (8) . This "point of no return" may reflect the fact that infection has progressed so far as to have disseminated from the original site of infection and spread hematogenously into the lungs and mediastinum to cause the classical diagnostic mediastinal widening associated with advanced inhalational anthrax, a point where it has been suggested that enough total exotoxin has been released to kill the host even in the absence of viable bacteria (73) . This idea has some historical precedent, having first been proposed in 1924 by Fraenkel, who proposed that the initiating site of infection was in the tracheo-bronchial mucosa and that pneumonia developed after infection had been established (23) . In light of data acquired in experiments using luminescent bacteria that demonstrate bacterial growth within the NALT, it is possible that past studies of inhalational anthrax mistakenly focused on the lungs, rather than an alternate site, as the origin of disseminated bacteria, possibly one analogous to the NALT in mice.
The B. anthracis infection cycle relies on killing grazing animals through contraction of what is presumably gastrointestinal anthrax in order to increase spore concentrations in existing grazing areas or to introduce spores into spore-free grazing areas (58) . Therefore, it is likely that B. anthracis has evolved to exploit the gut-associated lymphoid tissue (GALT), as observed in mouse models of infection (30) , in order to kill grazing animals. When considering the similarities in structure of the NALT and GALT (30) , it is conceivable that the deadly nature of inhalational anthrax is a by-product of B. anthracis exploiting a niche similar to those that would be targeted in a gastrointestinal infection. Following this line of reasoning, the difference in lethality between mucosal and cutaneous infections may result from differences in the immune responses between a mucosal and a nonmucosal infection. This has been alluded to in the literature on mouse studies, where the role of neutrophils and monocytes/macrophages in controlling subcutaneous versus inhalational infections has been assessed (15, 16, 48, 56) . These studies have found that in subcutaneous infections, neutrophils are vital in clearing infection (56) . However, in aerosol and intranasal infections, macrophages are the most important cell type mediating the clearance of the infection, with neutrophils providing minimal protection (16, 56) . Likewise, research examining cutaneous anthrax infections with nude mice, which lack most adaptive immunity but retain innate immune system function, showed that an influx of neutrophils was associated with clearance of bacteria (75) . These data can be combined with findings by Liu et al., who reported that when CMG2 is selectively eliminated in myeloid lineage cells, to eliminate their sensitivity to B. anthracis exotoxins, complete protection against subcutaneous B. anthracis infections is acquired (48) . This suggests that while macrophages and neutrophils are protective against B. anthracis infection, exotoxins are capable of disarming the innate immune system to allow bacterial outgrowth and dissemination. Differences in cellular subtypes that respond to mucosal versus dermal infections may explain why B. anthracis has a higher mortality rate in inhalational than in cutaneous anthrax. Macrophages, which are protective in inhalational infection (15) , rely heavily on oxidative killing, which exotoxins have been shown to affect (37) . Neutrophils, shown to be protective in cutaneous infection, do not rely solely on their oxidative burst to kill pathogens but have granules that contain many different antimicrobial effectors (54) . Indeed, human neutrophils kill B. anthracis independently of an oxidative burst with alpha defensins, which are key components of primary granules (54) . The addition of nonoxidative killing in neutrophils perhaps suggests why neutrophil-controlled cutaneous infections are less lethal than macrophage-controlled inhalational infections. It is important to point out that while cell depletion experiments suggest that differential immune responses to a lung versus a subcutaneous infection occur, it has not been conclusively demonstrated experimentally. Overall, small-animal models suggest that, rather than inhalational anthrax being unique among the forms of anthrax, requiring a host immune cell to escape the lumena of the lungs, it may progress like gastrointestinal anthrax, where infection is established in a mucosa-associated lymphoid tissue.
JAILBREAK MODEL OF DISSEMINATION
While it has been demonstrated that Trojan horse-mediated movement of bacteria to the lymph nodes can occur at low levels (12) and that spores are found in the mediastinal lymph nodes at early stages of infection (30), it has not been shown experimentally that spores in draining lymph nodes are the founders of disseminated disease. In light of recent findings using animal models, we propose that B. anthracis germinates at favorable sites in the host, such as the NALT, GALT, and damaged cutaneous soft tissues, where it begins producing its virulence factors (Fig. 2, steps 1 and  2 ). Exotoxins and proteases produced by B. anthracis act to dampen the immune response and permeabilize tissues, effectively allowing vegetative bacilli to drain into the regional lymph node (Fig. 2, steps 3 to 5) . Once the draining lymph node has been overwhelmed by exotoxins and bacteria draining from the initial site of infection, vegetative bacilli gain access to the bloodstream, causing bacteremia and eventually leading to host death (Fig. 2,  steps 6 and 7) . In summary, this model of dissemination proposes that differences in mortality between routes of infection are defined by the initial sites of spore contact with mucosally associated lymphoid tissue or cutaneous lesions. In addition, this model does not require intracellular transport of spores to the draining lymph nodes.
CONCLUSIONS
Often, B. anthracis is still lethal after treatment with antibiotics initiated when distinct symptoms of anthrax manifest (such as mediastinal widening); thus, a better understanding of where infection initiates and how B. anthracis disseminates is necessary in order to begin to design treatment options that interrupt crucial early events in infection. The proposed jailbreak model presents an alternative to the Trojan horse model of dissemination, with the key difference being that, instead of spores requiring an intracellular step to establish infection in lymph nodes, the jailbreak model requires spore germination and exotoxin production at the initial site of spore exposure to cause damage to cellular barriers in order to gain access to the lymph and then the circulatory system. The proposed model of infection has several important ramifications for future research. Most importantly, this proposed model suggests a shift away from the current focus on potential Trojan horses and the lumena of the lungs and instead refocuses on the mucosa-associated lymphoid tissues in the upper respiratory tract in inhalational anthrax and the gastrointestinal tract for gastrointestinal anthrax. Additionally, the jailbreak model suggests that future research should have greater focus on differences in immune responses to mucosal versus nonmucosal surfaces and mechanisms by which B. anthracis circumvents these responses. However, there are several caveats with the jailbreak model of infection. The most notable is that evidence for the jailbreak model has been derived primarily from mice, and results similar to those acquired with BLI have not been substantiated in other animal model systems. As a result, the universality of the jailbreak model of infection will need to be assessed using nonmurine models of infection.
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